ABSTRACT. Cytogenetic and random amplified polymorphic DNA analyses carried out in the species Leptodactylus podicipinus, L. ocellatus, L. labyrinthicus, and L. fuscus from rural and urban habitats of the northwest region of São Paulo State, Brazil, showed that the karyotypes (2n = 22), constitutive heterochromatin distribution and nucleolus organizer region (NOR) location did not differ between the populations from the two environments. The in situ hybridization with an rDNA probe confirmed the location of the NORs on chromosome 8 revealing an in tandem duplication of that region in one of the chromosomes of L. fuscus. DAPI showed that part of the C-band-positive heterochromatin is rich in AT, including that in the proximity the NORs in L. podicipinus and L. ocellatus. The molecular analyses showed that the two populations (urban and rural) of L. podicipinus and L. fuscus are similar from a genetic point of view. The urban and rural populations of species L. ocellatus and L. labyrinthicus showed differences in genetic structures, probably due to urbanization which interferes with the dispersion of those frogs. The marked differences observed between the two populations of L. ocellatus can be representing the cryptic condition of the species. Unweighted pair-group method of analysis and genetic distance analysis detected the genetic proximity between L. ocellatus and L. fuscus. The results indicate that there was no reduction in the genetic diversity in the populations from the urban environment; however, the survival of these frogs would not be guaranteed in the case of an increase in human impact especially for populations of L. labyrinthicus and L. ocellatus.
INTRODUCTION
The disruption of the natural habitat, particularly that caused by human activity, interferes in the environmental dynamics and microclimatic variables such as light intensity, humidity and temperature, and consequently alters the distribution of plants and animals. Some animal groups are less tolerant and are negatively affected by these alterations. Among these, due to their particular morphophysiological characteristics, are the amphibians which have undergone a decrease in numbers in recent decades (Kiesecker et al., 2001; Pounds et al., 2006) . This diminution has been attributed to several factors that affect their natural communities such as the destruction and fragmentation of habitats, anthropogenic impacts, climatic change, ozone layer destruction, water pollution, and the introduction of predators (Alexander and Eischeid, 2001; Marsh, 2001; Stuart et al., 2004; Hayes et al., 2006) .
The high degree of permeability of the skin of amphibians facilitates the absorption of many environmental substances, making them more sensitive to the contamination of aquatic environments than other vertebrates (Schuytema and Nebeker, 1998) . Reductions in population are correlated with the affinity of individuals with their habitat, and the magnitude of population fluctuation indicates the variability, the population dynamics and the risk of the extinction of species (Williams and Hero, 1998) .
A means of evaluating the favorable or unfavorable effect of the environment on these organisms is through cytogenetic and molecular analyses, which can supply helpful information in the study of the genetic diversity of species.
Chromosome evolution occurs in parallel with morphological changes; therefore, karyotype analysis provides direct evidence of inter-and intraspecific genetic variability. In Amphibia, some of chromosomal polymorphisms observed have been attributed to the different environments occupied by the populations, which have also been responsible for behavioral, morphological and reproductive alterations (Ruiz et al., 1982; Sessions and Kezer, 1991; Kaiser et al., 1996) . Nevertheless, several alterations that arise in the genome of an organism may produce no alteration in karyotype morphology (Ruiz et al., 1982) . In such cases, molecular studies are useful. The identification of molecular markers based on DNA analysis has provided a detailed knowledge of the genome of organisms and has constituted important tools for population studies. The most important techniques for identifying molecular markers are restriction fragment length polymorphism, simple sequence repeat and random amplified polymorphic DNA (RAPD).
The RAPD technique detects randomly amplified polymorphic DNA fragments in polymerase chain reaction (PCR) with a single arbitrary primer with 8-10 bp (Williams et al., 1990) . The number of fragments amplified and the degree of polymorphism in eukaryotic species depend on the nucleotide sequence, the secondary structure and the number of primers used for each RAPD.
These features of RAPD make it possible to detect DNA polymorphism in the absence of specific nucleotide sequence information. Thus, the RAPD-PCR method has been used successfully to detect genetic variation within and among related species and populations of different organisms (Zeisset and Beebee, 2003; Li et al., 2006; Dranitsina et al., 2006; Telles et al., 2006) .
Recently, some studies in Amphibia have combined cytogenetic and molecular analysis, supplying wider information about the organism studied (Odierna et al., 2004; Silva et al., 2004 Silva et al., , 2006 .
In addition to environmental alteration and fragmentation being related directly to the decline of amphibian populations, it can also contribute to inductive mutation events, particularly when associated with other factors such as ultraviolet radiation and the increase in pollution (Middleton et al., 2001) . The studies described in the literature with genetic analysis in amphibian populations from urban environments are not representative Beebee, 1997, 1998; Makeeva et al., 2006) .
The present study analyzed the genetic variability of four amphibian species that occur in a rural habitat and a urban habitat with anthropogenic activities, by conventional cytogenetics, C-banding and Ag-nucleolus organizer region (NOR) staining, fluorescent in situ hybridization (FISH) with ribosomal DNA probes, 4,6-diamidino-2-phenylindole (DAPI) staining, and molecular analysis with RAPD markers.
MATERIAL AND METHODS

Population samples
Fifty-eight adult specimens of Leptodactylus (L. podicipinus, L. labyrinthicus, L. ocellatus, and L. fuscus) were captured in the period between September 2002 and March 2003, in two localities of the northwest region of São Paulo State (Brazil). One site was in rural area of Nova Itapirema (NI) county (21°04'40" S; 49°32'23" W), showing no or few anthropic activities, with the following characteristics: temporary and permanent water areas, marshes, dams, small fragments of semideciduous forests, with overspill formed by pastures. The second site was in the urban and central area of São José do Rio Preto (SJRP) city (20°50'28" S; 49°23'28" W), where anthropic activities are evident: urban watercourse, the Canela Stream, affluent of Preto River, receiving untreated pollutant mixture (domestic sewage not treated plus commercial and industrial residues, as well as deposits of garbage and debris). The area of collection is delimited by two trails running beside an avenue (José Munia Avenue) and characterized by the absence of riparian forest, presence of stagnant water, and flat margins with strong erosion. Despite the proximity between the areas (30 km), the populations were considered distinct according to Smith and Green (2005) .
Cytogenetic analysis
In the karyological analysis, two specimens of each habitat from four leptodactylid species were evaluated: L. podicipinus (2♂ SJRP; 2♂ NI), L. ocellatus (2♂ SJRP; 2♂ NI), L. labyrinthicus (1♂/1♀ SJRP; 1♂/1♀ NI), and L. fuscus (2♂ SJRP; 2♀ NI).
Cell suspensions were obtained directly from bone marrow and liver according to methods of Baldissera Jr. et al. (1993) with modifications. Each specimen was previously treated with 0.01% colchicine solution at a concentration of 0.1 mL/10 g body weight and sacrificed 14 h later after anesthesia with benzocaine. Freshly prepared slides were analyzed after both conventional staining (5% Giemsa at pH 7.0) and the following banding methods: C-banding (Sumner, 1972) and Ag-NOR staining (Howell and Black, 1980) . FISH, using as probe a recombinant plasmid (HM123) containing a fragment of Xenopus laevis rDNA, biotin-labeled by nick-translation reaction (Gibco), was applied to localize ribosomal genes according to Viegas-Péquignot (1992) . Chromosomes were counterstained with propidium iodide and DAPI. Because DAPI fluorochrome has a higher affinity for AT-rich DNA sequences, it was used in the indirect determination of the AT content in the chromosomes of four species.
The slides with the different staining were analyzed in a light microscope fitted with an image analyzer, Axioskop 2 -Zeiss. The best metaphases were selected and photographed for documentation, using the Axio Vision program. FISH slides were analyzed with a fluorescence microscope, and the best images were photographed with Kodak Ultra 400 ASA film, and the images converted into photographs. The chromosomes were classified according to Green and Sessions (1991) .
Random amplified polymorphic DNA analysis
Twelve specimens from each species were evaluated by the RAPD procedure: L. podicipinus (3♂/3♀ SJRP; 6♂ NI), L. ocellatus (5♂/1♀ SJRP; 6♀ NI), L. labyrinthicus (1♂/5♀ SJRP; 5♂/1♀ NI), and L. fuscus (6♂ SJRP; 6♂ NI). Total genomic DNA was isolated from muscle tissues preserved in 100% ethanol, according to Sambrook et al. (1989) . The specimens analyzed were deposited in the Amphibia Collection of São Paulo State University (UNESP) at São José do Rio Preto, Brazil.
A set of 7 random decanucleotide primers that produced accurate bands was used in the detection of polymorphism among populations: sequence 5' to 3': P1: GGA ACG GGG T; P2: CAG CAC CCA C; P3: GTT GCG ATC C; P4: ACA CCG GAA C; P5: GAC TGC CTC T; P6: AGC AGC GCA C; P7: AGA CGA TGG G (Invitrogen do Brasil). Amplification conditions were according to Williams et al. (1990) . The RAPD products were resolved by vertical electrophoresis on 8% polyacrylamide gels, run with 1X TBE buffer (trizma base, boric acid, 0.5 M EDTA, pH 8.0) and subsequently stained with silver nitrate.
RAPD-PCR technical limitations were resolved following a strict protocol with standardized conditions, repeating the amplification reactions two or more times.
Data analysis
RAPD patterns of specimens were determined by direct comparison of the amplified DNA electrophoresis profiles. Fragments were scored as 1 if present or 0 if absent, based on a molecular size standard marker, and the data obtained were analyzed as binary variables. Each band was considered to be an allele of a locus. The size of each band amplified in the gel was estimated in bp, with LABIMAGE 2.7.1 software from the position of a molecular weight marker of pre-established size. The number and frequencies of polymorphic loci and unbiased genetic distances were estimated according to Nei (1978) using POPGENE 1.31 software (Yeh et al., 1999) . Analysis of molecular variance (AMOVA) was utilized to verify the variability between and within the populations, with differentiation of significance being tested with 1000 permutations, and Wright's fixation index (F st ) was used to estimate the levels of genetic structure in the populations; these analyses were realized with the ARLEQUIN 3.1 software (Excoffier et al., 2005) . Clustering was performed by the unweighted pair-group method of analysis (UPGMA) with statistical support obtained by bootstrapping with 100 interactions (PAUP, version 4.0; Swofford, 2002) .
RESULTS
Cytogenetic analysis
Leptodactylus podicipinus
Both specimens of L. podicipinus exhibited a karyotype composed of 22 chromosomes (2n = 22) represented by three pairs of metacentric (1, 5 and 6), two pairs of submetacentric (2 and 8), two pairs of subtelocentric (3 and 4), and four pairs of telocentric (7, 9, 10, and 11) chromosomes. There was no detectable difference between the karyotypes of specimens in the two environments analyzed. The NORs detected by Ag-NOR staining and in situ hybridization were located in the secondary constriction on the long arm of chromosome 8. A heteromorphism was observed in the secondary constriction size and NORs between the homologous chromosomes ( Figure 1A and B); however, no significant differences were observed in the fluorescent signal in FISH experiments with the ribosomal DNA probe ( Figure 2A ). C-banding revealed small amounts of constitutive heterochromatin in centromeric and telomeric regions in several chromosomes. A large heterochromatic block that extended from the centromeric region to the secondary constriction was observed on chromosome 8 ( Figure 1C ). This region was positive with DAPI, as well as some centromeric regions ( Figure 2B ). Metaphases of L. ocellatus with FISH (C) and DAPI staining (D) evincing location of rDNA genes (arrows) and some heterochromatic regions DAPI + (short arms on chromosomes 7 and 8 -arrows). E. and F. Metaphases of L. labyrinthicus with FISH (E) and DAPI staining (F) evincing location of rDNA genes (arrows) and a fluorescent interstitial band on chromosome 2 long arm (arrows). G. and H. Metaphases of L. fuscus with FISH (G) and DAPI staining (H) evincing location of rDNA genes (arrows) and an in tandem duplication in one of the homologs (arrows), and fluorescence in centromeric and telomeric regions and short arm of chromosomes 4 and 7 (arrows). Bar = 10 µm.
Leptodactylus ocellatus
The two populations analyzed exhibited 22 biarmed chromosomes (2n = 22). The karyotype is composed especially of metacentric and submetacentric chromosomes represented by seven pairs of metacentric (1, 5, 6, and 8 to 11), three pairs of submetacentric (2, 3 and 7) and one pair of subtelocentric chromosomes (4). The site of the NORs was found to be on the short arm of chromosome 8 ( Figure 1D ). In situ hybridization confirmed the NORs position ( Figure 2C ). Constitutive heterochromatin was found in the centromeric and telomeric regions of chromosomes. An interstitial band was observed on the long arm of chromosome 1 and on short arm of chromosome 5. The short arm of chromosomes 4, 7, 8, and 9 was completely stained ( Figure 1E ). The DAPI-positive condition of the heterochromatic blocks was variable, with fluorescence on the short arms of chromosomes 7 and 8 ( Figure 2D ).
Leptodactylus labyrinthicus
The karyotypes of the specimens analyzed were similar, showing 22 biarmed chromosomes (2n = 22) with a prevalence of metacentrics (pairs 1, 5, 6, and 8 to 11), two pairs of submetacentrics (2 and 7) and two pairs of subtelocentrics (3 and 4). The NORs were observed in the terminal regions of the short arm on chromosome 8, a position confirmed by FISH ( Figures  1F and 2E ). The heterochromatin was invariable between the two populations and observed in the centromeric and pericentromeric regions ( Figure 1G ). Some heterochromatic regions were DAPI-positive, as well as the interstitial region on the long arm of chromosome 2 ( Figure 2F ).
Leptodactylus fuscus
The specimens analyzed showed the same karyotypic features, with 22 biarmed chromosomes (2n = 22). The karyotype was similar to L. ocellatus with seven pairs of metacentric (1, 5, 6, and 8 to 11), three pairs of submetacentric (2, 3 and 7) and one pair of subtelocentric (4). The chromosome pair 8 had a secondary constriction on the median-terminal regions of the short arm, where the NORs were observed. A size heteromorphism was observed in the secondary constriction among homologous chromosomes ( Figure 1H and I) , and the FISH experiments showed a variation in signal intensity between these chromosomes ( Figure 2G) . A small amount of constitutive heterochromatin was detected in the centromeric regions, in the interstitial regions of the short arm of chromosome 5 and close to the secondary constriction on pair 8 (Figure 1J ), where no staining occurred with DAPI. The centromeric and telomeric regions and the short arm of chromosomes 4 and 7 were stained by DAPI ( Figure 2H ).
Random amplified polymorphic DNA
Banding polymorphism patterns
Using RAPD-PCR to analyze intra-and interspecific genomic polymorphism in Amphibia, it was possible to obtain a significantly greater number of amplified fragments. The 7 primers examined produced a total of 267 scorable bands (Table 1 ). The numbers of fragments varied for primers where 17 to 55 RAPD fragments with a length of 100 to 700 bp were de-tected. The number of bands varied in each population and species. L. ocellatus and L. fuscus were the species that produced the greatest number of bands. The number of polymorphic bands and the relative frequencies also varied within and between species and between the populations. The DNA polymorphism observed consisted not only of the presence or absence of fragments with a particular length in the RAPD patterns, but also of a change in the intensity of amplification of fragments with the same length. Data are reported as number of polymorphic bands/total bands. SJRP = São José do Rio Preto (urban environment), NI = Nova Itapirema (rural environment). The highest polymorphism frequencies were observed in the urban population of L. podicipinus (81.6%) and L. labyrinthicus (59.7%) and in rural population of L. ocellatus (72.3%) and L. fuscus (81.1%).
Gene diversity and genetic distance
The Nei gene diversity index for the two populations in the four species was not greater than 0.30 (Table 1) , which was observed in L. fuscus specimens from NI. However, the highest values were not necessarily exhibited by specimens from the rural habitat. The lowest diversity indexes were exhibited by L. podicipinus from NI and L. ocellatus from SJRP (0.18 and 0.14, respectively). L. labyrinthicus and L. fuscus showed similar values of genetic variation between the populations of the two environments. For the species, the highest value of genetic diversity was detected in L. ocellatus (0.35) and the lowest to L. podicipinus (0.25), L. labyrinthicus (0.25) and L. fuscus (0.32). The higher values of genetic diversity displayed by L. ocellatus reinforce the differences observed between the values of populations.
Estimates of Nei's unbiased genetic distances between individuals of the populations (rural and urban) and species are shown in Tables 2 and 3. The greatest genetic distances were observed for the individuals from the populations of L. ocellatus (0.21) and L. labyrinthicus (0.06), whereas the lowest distance values were obtained in the populations of L. podicipinus (0.04) and L. fuscus (0.04). Among species, the greatest distance was observed between L. labyrinthicus and L. podicipinus (0.19) and the least between L. fuscus and L. ocellatus (0.10). Table 3 . Genetic distance according to Nei (1978) generated by the analysis of the 267 fragments in the four species.
The UPGMA dendrogram showed the same topology in POPGENE and PAUP analyses, showing a bootstrap support (100 replications) for the groups observed of 97 and 86% (Figure 3 ). In the figure it can be observed that L. labyrinthicus is more basal and that the three other species are clustered. Furthermore, L. ocellatus was found to be closer to L. fuscus than to L. podicipinus. 
Analysis of molecular variance and fixation index
Hierarchical AMOVA was used to investigate the differentiation between the two sampling localities for each species. The results presented in Table 4 show that the lowest values of variations in the interpopulational component occurred between the populations of L. fuscus (6.57%) and the highest between L. ocellatus (53.45%) and L. labyrinthicus populations (17.84%). The F st value analysis in L. ocellatus (F st = 0.534) and L. labyrinthicus (F st = 0.178) reinforced the differences observed in the populations and was confirmed by the P value (P < 0.01). Table 4 . Analysis of molecular variance between population pairs in inter-and intrapopulational components and fixation index-statistics (F st ) with 1000 permutations. SJRP = São José do Rio Preto (urban environment), NI = Nova Itapirema (rural environment). *Statistically significant.
DISCUSSION
Cytogenetic analysis
The karyotypes of the four species of leptodactylid analyzed are similar to that described by Denaro (1972) , Bianchi et al. (1973) , Bogart (1974) , Agostinho (1994) , Silva et al. (2000) , Baldo (2002) , and Amaro-Ghilardi et al. (2006) who pointed out the conserva- (2000), Baldo (2002) , and Amaro-Ghilardi et al. (2006) who pointed out the conserva- (2006) who pointed out the conservatism of the Leptodactylus karyotypes. Despite that no significant difference was observed in morphology, the pattern of C-banding or NOR localization between the specimens from the two environments and the occurrence of chromosomal polymorphisms in different amphibian populations were related, involving especially the diploid number, NORs and constitutive heterochromatin (Ruiz et al., 1981; Silva et al., 1999 Silva et al., , 2000 Lourenço et al., 1998 Lourenço et al., , 2003 Medeiros et al., 2003; Rosa et al., 2003) . Silva et al. (2000) determined the location of the constitutive heterochromatin in specimens of the three populations of L. fuscus and four of L. ocellatus in Brazil and demonstrated distinct patterns in distribution of heterochromatin between them. The most variable species was L. ocellatus in which three distinct C-banding patterns were noted. Although the authors did not attribute the findings to taxonomically diverse forms, they referred to some differences concerning the external morphology and bioacustics between animals occurring in different geographical localities.
The specimens of L. ocellatus analyzed in the present study showed similarity with the condition observed by Silva et al. (2000) in individuals of Anaurilândia, MS, which showed interstitial heterochromatin on the short arm of chromosomes 5, 9 and 10, besides telomeric bands. Moreover, the individuals of L. fuscus were more similar to the specimens of Silva et al. (2000) collected in Rio Claro, SP, because they did not have the marked telomeric bands observed in most of the chromosomes of individuals.
The species L. labyrinthicus was also studied by Silva et al. (2000) who detected an interstitial C-band on the long arm of the chromosome 2. In our study, this band was not visualized, but a coincident region that was DAPI-positive was observed. According to Schmid (1978) , small variations in the treatment with barium used in C-banding can show or hide regions of constitutive heterochromatin, which probably occurred in this case.
Despite differences in position, the occurrence of a secondary constriction on chromosome 8, carrier of the NORs in species of Leptodactylus was referred to by Baldo (2002) and Amaro-Ghilardi et al. (2006) . In the present study, only on chromosome 8 of L. labyrinthicus was the secondary constriction not observed, probably due to differences in the degree of chromosome condensation in preparations. However, the NOR location detected by silver staining and FISH was observed in the terminal position, as was observed by the above authors, possibly at the constriction site.
The heteromorphism in the size of the secondary constriction and NORs observed in L. podicipinus and L. fuscus was also detected by Baldo (2002) . The differences observed in size of constrictions have been attributed mainly to the variation in the quantity of constitutive heterochromatin that is generally present in these regions, and other factors such as chromosome rearrangements and amplifications of the DNA regions (King, 1980) . In the present study, it is possible that in L. podicipinus, the heteromorphism in the size of the secondary constriction and NORs can be attributed mainly to a different degree in condensation between homologs and to differential genetic activity of rDNA segments, since no variation was observed in the intensity of the hybridization signal with the rDNA probe that could indicate the occurrence of duplication or amplification of ribosomal cistrons. However, in L. fuscus, FISH with the ribosomal probe not only confirmed the NOR position in the secondary constriction but also detected an in tandem duplication at the site of the rDNA in individuals from the two populations.
The increased fluorescence exhibited by DAPI in the majority of the centromeric regions of chromosomes in some telomeres and in the proximal region of the long and short arms, respectively, of the chromosome pair bearing the NORs in L. podicipinus and L. ocellatus was coincident with regions that were C-band positive.
DAPI is a fluorescent stain that binds strongly to double-stranded DNA, particularly that with high AT content (Lin et al., 1977) . The DAPI-positive fluorescence in regions of heterochromatin in the species analyzed is indicative of the presence of A-T bases in centromeres and telomeres of the chromosomes of the four species. This is contrary to other studies which reported a relative wealth of G-C base pairs in constitutive heterochromatin of centromeric and telomeric regions of chromosomes in species of amphibians (Schmid, 1980; Schmid et al., 1985 Schmid et al., , 1993 Silva et al., 2006) .
Despite this relation between constitutive heterochromatin and DAPI, some C-positive regions did not display increased fluorescence, suggesting that the heterochromatic fractions have heterogeneous contents of G-C and A-T base pairs in the four species.
The association or proximity between heterochromatin and ribosomal cistrons is very common on chromosomes of vertebrates. In Anura, ribosomal DNA is rich in G-C content, about 64%, a value considered high, when compared with other groups of vertebrates (Sinclair and Brown, 1971; Schweizer, 1976; Schmid, 1980; Sumner, 1990) . Based on the results of the present study, it can be pointed out that DAPI-positive staining in the proximal region of NORs in L. podicipinus and L. ocellatus is probably due to the proximity of AT-rich heterochromatin.
The absence of variations between the karyotypes of the individuals in all the species from the two different environments enables us to conclude that, in the individuals evaluated, no inference can be drawn about the action of an altered urban environment on the karyotypes of the species in the genus Leptodactylus.
Random amplified polymorphic DNA analysis
The results observed show that RAPD-PCR is capable of revealing polymorphism in amphibian species. All 7 random decanucleotide primers produced at least one polymorphic fragment.
The wide study carried out by Makeeva et al. (2006) , which analyzed the genetic structure in two species of brown frog Rana (Ranidae), using isoenzymatic markers, detected a reduction in diversity and polymorphisms in populations from an urban environment when compared with populations from a rural environment. The authors pointed out that the unfavorable conditions of gene pool in the specimens of urban populations can be due probably to the gene drift accompanied by fragmentation of the urban environments, which causes a reduction in the populations and consequent inbreeding. In the present study, the highest frequencies of polymorphism were not related to rural habitat only. The differences in frequencies of polymorphisms in the populations point to different adaptive strategies (plasticity).
The values of genetic distance and of interpopulational component of the molecular variation were directly correlated for the four species. The values of genetic diversity and the analyses of molecular variation in the small species (snout vent length <50 mm), L. podicipinus and L. fuscus, showed that the two populations of these species are similarly structured, with a low variation in the interpopulational component and a high variation within the populations (90% on average). The F st , characterized by estimating the genetic differentiation between populations, showed a low value for these two species.
To Telles et al. (2006) , who analyzed RAPD markers from 214 individuals of Physalaemus cuvieri sampled from 18 populations of different size (7 to 23 individuals) from Goiás State (Brazil), the values were observed to vary in the interpopulational component and F st (10% and 0.101, respectively), which were a little higher than those in the present study for the small species, and can be attributed to the abundance of individuals of populations that buffer the effect of the stochastic process combined with a low and restricted gene flow. This can be just occurring with L. podicipinus and L. fuscus populations. The authors pointed out yet that a recent human occupation and habitat fragmentation may also explain part of the genetic variation observed in the interpopulational component.
Apparently, the species L. podicipinus and L. fuscus are equally adapted to the two environments studied. The species L. fuscus has a wide geographical range (the greatest of the four species) and is considered an invader species (very generalist) with a moderate dispersion potential (Wynn and Heyer, 2001) . The data obtained in the present study corroborate this hypothesis.
The large species (snout vent length >100 mm), L. ocellatus and L. labyrinthicus, exhibited a high variation in the interpopulational component (53.45% and 17.84%, respectively) as well as the highest genetic distance between the populations in relation to the small species. The fixation index (F st = 0.534 in L. ocellatus and F st = 0.178 in L. labyrinthicus) and the values of genetic diversity show that there are differences in genetic structure between the two populations, especially for L. ocellatus.
Although there are no geographical barriers limiting the dispersion of these frogs analyzed, Johnston and Frid (2002) found that in salamanders, dispersion was reduced due to human activities such as the presence of roads and urbanization. It is possible that these had been occurring with urban populations of L. ocellatus and L. labyrinthicus.
The species of the ocellatus group include representatives with very similar morphology, which complicates the taxonomic characterization of the species (Dela Riva and Maldonado, 1999; Ribeiro et al., 2005) . On the basis of this fact and of the results obtained, it cannot be ruled out that the marked differences observed in the two populations of L. ocellatus analyzed are possibly a consequence of these animals belonging to cryptic species.
In the small frogs (L. podicipinus and L. fuscus), the fragmentation of the urban environment seems to have been insufficient to differentiate the populations studied, whereas in L. labyrinthicus and L. ocellatus this disruption of the habitat influenced the structuring of the populations, with possible adaptations to the environment. Despite of the differences between the populations of the four species, the fragmentation did not apparently affect their viability. The barriers in the city seem to alter only the dispersion of the large frogs.
The present study suggests that amphibian populations respond to environmental variations in varying ways. The results also suggest that there was no diminution in the adaptive value of the four species of the urban environment. Probably, these species of the genus Leptodactylus are, from a genetic point of view, adapted to anthropic activity. Studies of spatial distribution (Izecksohn and Carvalho-e-Silva, 2001; Ávila and Ferreira, 2004; Grandinetti and Jacobi, 2005) have already indicated the persistence of these species in urban environments. Despite these considerations, the medium-and long-term survival of these frogs, in general under the influence of human activity, is not guaranteed, especially for populations of L. labyrinthicus and L. ocellatus.
The taxonomic proximity between the species L. ocellatus (ocellatus group) and L. fuscus (fuscus group), evinced in the phenogram (UPGMA) and cytogenetic analysis, was also observed by Bogart (1974) after analyzing karyotypes of the species of Leptodactylus. However, they diverge from other published studies (Miyamoto, 1981; Masxon and Heyer, 1988; Larson and Sá, 1998; Heyer and Muñhoz, 1999) , which were based upon behavior, morphology and molecular markers. The discrepancies found between the studies can be related to the utilization of different markers and methods of analyses, as well as to the species chosen, justifying the realization of different studies, utilizing a combination of techniques and a greater number of species.
